Introduction {#sec1-0300060518762684}
============

Medullary thyroid carcinoma (MTC) is a neuroendocrine tumor of the thyroid gland that is derived from parafollicular C cells and was first described in 1959.^[@bibr1-0300060518762684]^ It accounts for 5% to 10% of all thyroid cancers and may be classified as either hereditary MTC (25%) or sporadic MTC (SMTC) (75%).^[@bibr1-0300060518762684][@bibr2-0300060518762684][@bibr3-0300060518762684]--[@bibr4-0300060518762684]^ Parafollicular C cells can produce calcitonin and carcinoembryonic antigen (CEA), which are relatively sensitive and specific markers for both the preoperative diagnosis and follow-up of MTC.^[@bibr1-0300060518762684],[@bibr5-0300060518762684],[@bibr6-0300060518762684]^ Due to the lack of treatment options other than surgery, the standard treatment for MTC is total thyroidectomy with prophylactic central lymph node dissection in clinically node-negative patients and therapeutic neck dissection in clinically suspicious lymph node-positive patients.^[@bibr7-0300060518762684][@bibr8-0300060518762684][@bibr9-0300060518762684]--[@bibr10-0300060518762684]^ However, controversy remains surrounding the indication for prophylactic lateral lymph node dissection. This study was performed to analyze the risk factors for cervical lymph node metastases and predict the indication for prophylactic lateral neck dissection in patients with SMTC.

Materials and methods {#sec2-0300060518762684}
=====================

Study population {#sec3-0300060518762684}
----------------

We retrospectively studied the medical records of patients who were diagnosed with SMTC from 2007 to 2017 in the First Affiliated Hospital of Zhejiang University, China. All patients underwent preoperative ultrasound (including evaluation of the thyroid bed, central compartment, and bilateral lateral neck), preoperative measurement of CEA levels, and/or computed tomography neck imaging. Patients with a clinical suspicion of SMTC underwent fine-needle aspiration of thyroid nodules. Only patients with postoperative histopathological features consistent with the diagnosis of SMTC were included in the study. We excluded patients with SMTC who had distant metastases. The following characteristics of each patient were recorded: age at diagnosis of SMTC, sex, tumor size, number of tumor foci (unifocality/multifocality), capsule or vascular invasion, lymph node metastases, and extrathyroidal extension of the tumor. According to the National Comprehensive Cancer Network (NCCN) guidelines in 2017, tumor size was categorized as ≥1 cm or \<1 cm. Because MTC is often associated with multiple endocrine neoplasia with diagnosis at a younger age, the patients were stratified into two relevant groups: those aged \<45 and ≥45 years. The stage of MTC was defined based on the NCCN tumor-node-metastasis (TNM) classification system. All participants were well informed about the aim of the study, and all agreed to participate in the study. The study was approved by the ethics committee of the First Affiliated Hospital of Zhejiang University, Hangzhou, China.

Histopathological examination {#sec4-0300060518762684}
-----------------------------

All patients' thyroid glands were available for histopathological examination. After fixation in formalin, the whole thyroid gland was embedded in paraffin. Soft tissue and lymph nodes were processed separately. Conventional staining (hematoxylin and eosin) and calcitonin immunohistochemistry were performed on every surgical specimen using the standard avidin-biotin complex peroxidase approach and a commercial monoclonal antibody (ZSGB-BIO, Beijing, China). The diagnosis of SMTC was confirmed by positive immunostaining for calcitonin and CEA in all patients. Two experienced pathologists assessed the characteristics of the tumor, including the size, unifocality or multifocality, unilaterality or bilaterality, extrathyroidal extension of the tumor, demonstration of lymphatic or vascular invasion, or a combination thereof. The primary tumor diameter was ascertained by direct measurements of the surgical thyroid specimens. When multiple MTCs were present, only the largest tumor was considered. Multifocality was defined as more than one tumor lesion, regardless of unilaterality or bilaterality.

Surgical treatment {#sec5-0300060518762684}
------------------

The surgical procedure was performed with curative intent in all patients. All patients underwent total thyroidectomy with lymph node dissection of the central neck compartment (level VI). Patients with tumors of ≥1 cm in diameter as well as both clinical and radiological validation of lymph node involvement underwent therapeutic ipsilateral or bilateral modified neck dissection (levels II--V). In contrast, prophylactic central neck dissection was performed for patients with no clinical or radiological evidence of identifiable cervical node metastases.

Statistical analysis {#sec6-0300060518762684}
--------------------

Data analysis was performed using IBM SPSS Statistics, version 22.0 (IBM Corp., Armonk, NY, USA). Data are presented as mean ± standard deviation or median (range), where appropriate. Associations between lymph node involvement and tumor characteristics were evaluated using the chi-square test. Logistic regression analysis was used to identify whether the factors that were significant in the univariate analysis were still statistically significant in the multivariate analysis. In all cases, a p value of \<0.05 was considered significant.

Results {#sec7-0300060518762684}
=======

In total, 65 patients (27 male, 38 female) with SMTC were included in this study. Their mean age at diagnosis was 49.7 ± 12.6 years (range, 22--76 years). The detailed clinicopathological characteristics of the 65 patients are listed in [Table 1](#table1-0300060518762684){ref-type="table"}. The mean tumor size was 2.0 ± 1.3 cm. Among all 65 patients, 17 (26.2%) were had multifocal tumors and 38 had unifocal tumors. Lymph node metastases were found in 34 of 65 patients (54.3%), including 30 (46.2%) patients with central cervical lymph node involvement and 26 (40.0%) with lateral lymph node metastases. In the absence of positive central cervical lymph nodes, 3 of 65 patients had positive nodes (skip metastases) in the ipsilateral lateral neck compartment. The lateral neck lymph nodes were systematically dissected in 35 patients (53.8%). Three patients with bilateral thyroid lesions underwent bilateral radical lymph node dissection. Upper mediastinal dissection was performed by sternotomy in only one patient with macroscopic central node involvement. According to the NCCN guidelines, pathological TNM staging showed that 19 patients had stage I disease at presentation, 8 had stage II, 7 had stage III, and 31 had stage IV.

###### 

Clinicopathological and pathological characteristics of 65 patients with sporadic medullary thyroid carcinoma.

![](10.1177_0300060518762684-table1)

  Characteristic                             
  ------------------------------------------ -------------
  Sex, female/male                           27/38
  Age at diagnosis, years                    49.7 ± 12.6
  Tumor size, cm                             2.0 ± 1.3
  Multifocal tumors                          17 (26.2)
  Thyroid capsule invasion                   21 (32.3)
  Vascular invasion                          22 (33.8)
  Lymph node metastases                      34 (52.3)
  Infiltration of surrounding soft tissues   16 (24.6)
  CEA level, ng/mL                           
   \<30                                      35 (53.8)
   ≥30                                       30 (46.2)
  Pathological TNM stage                     
   I                                         19 (29.2)
   II                                        8 (12.3)
   III                                       7 (10.8)
   IV                                        31 (47.7)

Data are presented as n, n (%), or mean ± standard deviation. CEA, carcinoembryonic antigen; TNM: tumor-node-metastasis

All variables that were of statistical significance in the univariate logistic regression (p \< 0.05) were incorporated into a logistic regression analysis model to control for the potential effect of confounding. Univariate analysis with the chi-square test ([Table 2](#table2-0300060518762684){ref-type="table"}) was used to analyze the association of cervical lymph node metastases with sex, age, tumor size, multifocal tumors, thyroid capsule invasion, vascular invasion, and infiltration of surrounding soft tissues. The results showed that patients with a tumor size of ≥1 cm, multifocal tumors, and thyroid capsule invasion had a higher incidence of cervical lymph node metastases. Multivariate regression analyses showed that only thyroid invasion remained significantly associated with cervical lymph node metastases. [Tables 3](#table3-0300060518762684){ref-type="table"} and [4](#table4-0300060518762684){ref-type="table"} show that thyroid capsule invasion was an independent predictive factor for central compartment metastases (p \< 0.001; odds ratio, 11.080) and lateral neck metastases (p \< 0.001; odds ratio, 9.067). In our cohort, a preoperative CEA level of ≥30 ng/mL was associated with a higher incidence of central cervical lymph node metastases than was a CEA level of \<30 ng/mL (60.0% vs. 34.3%, respectively; χ^2^ = 4.298; p = 0.038). Receiver operating characteristic curves were used to assess the serum CEA level as a predictor of cervical lymph node metastasis of MTC. As shown in [Figure 1](#fig1-0300060518762684){ref-type="fig"}, the area under the curve was 0.720 (95% confidence interval, 0.592--0.847; p = 0.002).

###### 

Univariate analyses of lymph node metastases in patients with sporadic medullary thyroid carcinoma.

![](10.1177_0300060518762684-table2)

  Factors             Total   Central compartment metastases   Lateral compartment metastases                                  
  ------------------- ------- -------------------------------- -------------------------------- --------- ----------- -------- ---------
  Sex                                                                                                                          
   Male               27      16 (59.3)                        3.192                            0.074     14 (51.9)   2.703    0.100
   Female             38      14 (36.8)                        12 (31.6)                                                       
  Age, years                                                                                                                   
   ≥45                45      21 (46.7)                        0.015                            0.901     19 (42.2)   0.301    0.583
   \<45               20      9 (45.0)                         7 (35.0)                                                        
  Tumor size                                                                                                                   
   ≥1 cm              45      24 (53.3)                        3.859                            0.049     23 (51.1)   8.547    0.003
   \<1 cm             20      6 (20.0)                         3 (15.0)                                                        
  Multifocality                                                                                                                
   Yes                17      13 (76.4)                        8.514                            0.004     11 (64.7)   5.855    0.016
   No                 48      17 (35.4)                        15 (31.3)                                                       
  Vascular invasion                                                                                                            
   Yes                22      8 (36.4)                         1.283                            0.257     8 (36.4)    2.637    0.104
   No                 43      22 (51.2)                        18 (41.9)                                                       
  Capsule invasion                                                                                                             
   Yes                26      21 (80.8)                        20.893                           \<0.001   20 (76.9)   19.752   \<0.001
   No                 39      9 (25.0)                         6 (15.4)                                                        

^a^Results of chi-square test between lymph node involvement and tumor characteristics.

###### 

Multivariate logistic regression analyses for central compartment metastases in patients with sporadic medullary thyroid carcinoma.

![](10.1177_0300060518762684-table3)

  Factors            β       SE      Wald     p[a](#table-fn3-0300060518762684){ref-type="table-fn"}   OR       95% CI
  ------------------ ------- ------- -------- -------------------------------------------------------- -------- ---------------
  Tumor size         0.076   0.648   1.433    0.231                                                    2.173    0.610--7.744
  Multifocality      1.461   0.782   3.494    0.062                                                    4.311    0.931--19.949
  Capsule invasion   2.405   0.658   13.372   \<0.001                                                  11.080   3.053--40.214

^a^According to multivariate logistic regression analyses. SE, standard error; OR, odds ratio; CI, confidence interval

###### 

Multivariate logistic regression analyses for lateral compartment metastases in patients with sporadic medullary thyroid carcinoma.

![](10.1177_0300060518762684-table4)

  Factors            β       SE      Wald     p         OR      95% CI
  ------------------ ------- ------- -------- --------- ------- ---------------
  Tumor size         1.023   0.674   2.300    0.129     2.780   0.742--10.426
  Multifocality      0.824   0.745   1.222    0.267     2.280   0.529--9.827
  Capsule invasion   2.263   0.635   12.682   \<0.001   9.607   2.766--33.374

SE, standard error; OR, odds ratio; CI, confidence interval

![Receiver operating characteristic curve of preoperative carcinoembryonic antigen levels predicting cervical lymph node metastases in patients with sporadic medullary thyroid carcinoma.](10.1177_0300060518762684-fig1){#fig1-0300060518762684}

Discussion {#sec8-0300060518762684}
==========

Neck lymph node metastases are reportedly the main predictor of local recurrence and distant metastases in patients with MTC, mainly in the lungs but also in the liver and bones.^[@bibr11-0300060518762684][@bibr12-0300060518762684][@bibr13-0300060518762684]--[@bibr14-0300060518762684]^ This indicates that the dissection of metastatic lymph nodes in patients with MTC, if detected and removed completely during the initial surgery, may prevent reoperation for recurrence in the neck. However, accurate estimation of cervical lymph node involvement is largely dependent upon preoperative imaging examination or intraoperative assessment, which are insufficient. According to a survey by Moley and DeBenedetti,^[@bibr15-0300060518762684]^ intraoperative lymph node assessment by surgeons will miss one-third of clinically involved lymph nodes. Thus, prophylactic neck lymph node dissection provides the best possibility of achieving curative surgery for some clinically node-negative patients.

Based on the 2015 American Thyroid Association (ATA) and 2014 British Thyroid Association (BTA) guidelines, standard treatment for MTC should include total thyroidectomy and central lymph node dissection; however, the extent of dissection in the lateral neck compartments and on the side opposite the largest primary thyroid tumor remains controversial.^[@bibr9-0300060518762684],[@bibr12-0300060518762684][@bibr13-0300060518762684]--[@bibr14-0300060518762684],[@bibr16-0300060518762684],[@bibr17-0300060518762684]^ The ATA guideline recommends that patients with MTC confined to cervical lymph node metastases should undergo dissection of the involved lateral neck compartments (levels II--V), whereas the BTA guideline recommends that prophylactic lateral neck dissection should be performed in the presence of central compartment node metastases.^[@bibr9-0300060518762684],[@bibr16-0300060518762684],[@bibr18-0300060518762684]^ The need for prophylactic bilateral lateral compartment node dissection in the presence of central compartment node metastases is still unclear. The ATA suggests using the serum calcitonin level as a reference, but this recommendation does not seem to have been widely accepted because of the uncertainness of patient survival.^[@bibr9-0300060518762684]^

Considering this background, a thorough understanding of the clinical risk factors is needed to identify high-risk patients requiring prophylactic lateral neck lymph node dissection. Esfandiari et al.^[@bibr19-0300060518762684]^ reviewed data from 2968 patients with MTC from the National Cancer Database and found a close relationship between tumor size and the likelihood of lymph node metastases; the authors thus suggested that surgeons should decide to perform prophylactic lateral neck lymph node dissection based on the tumor size. Machens et al.^[@bibr11-0300060518762684]^ found that approximately 70% of patients with central compartment node metastases had lateral compartment node metastases. This finding demonstrates that prophylactic dissection of the ipsilateral neck compartment is necessary for patients with MTC with one positive central lymph node, and the performance of contralateral neck lymph node dissection should depend on histopathologic confirmation of lymph node metastases obtained on fresh frozen section.^[@bibr11-0300060518762684],[@bibr20-0300060518762684]^

Our retrospective study of 65 consecutive patients with SMTC treated by total thyroidectomy and central or lateral neck dissection confirms that lymph node metastasis is frequent (found in 52.3% of patients in our study). This finding is consistent with other series: cervical lymph node metastases in patients with MTC have been reported to occur in 25% to 63% of patients, whether the primary tumors are \<1 cm or \>4 cm.^[@bibr15-0300060518762684],[@bibr21-0300060518762684]^ The univariate analysis in the present study showed that cervical lymph node metastases spread frequently in patients with a tumor size of \>1 cm, multifocal tumors, and thyroid capsule invasion, while the multivariate logistic regression analysis demonstrated that only thyroid capsule invasion was an independent predictive factor for cervical compartment metastases. However, in their evaluation of 2968 patients with MTC, Esfandiari et al.^[@bibr19-0300060518762684]^ found that the percent of metastatic cervical lymph nodes was 43% in patients with a tumor size of \<2 cm and 65% in those with a tumor size of \>2 cm, indicating a relationship between tumor size and cervical lymph node metastasis. In the present study, the univariate analysis showed that cervical lymph node metastases spread frequently in patients with a tumor size of \>1 cm; however, the multivariate logistic regression analysis revealed that tumor size was not an independent predictive factor for cervical compartment metastases. This difference might have been due to our classification of tumor size or our smaller sample cohort. A close multivariate correlation between thyroid capsule invasion and lymph node metastases in patients with MTC was demonstrated, which is consistent with the result reported by Machens et al.^[@bibr22-0300060518762684]^ This clearly demonstrates that prophylactic lateral neck dissection should be performed during the initial procedure in patients with SMTC with thyroid capsule invasion. From a clinical perspective, this may help to resolve some of the controversy surrounding the indication for prophylactic lateral neck dissection.

Calcitonin and CEA levels are fairly powerful biomarkers with which to confirm the diagnosis of MTC.^[@bibr6-0300060518762684],[@bibr9-0300060518762684]^ According to previous studies, a serum CEA level of ≥30 ng/mL is suggestive of lymph node metastases in the central and lateral neck compartments.^[@bibr1-0300060518762684],[@bibr7-0300060518762684],[@bibr23-0300060518762684]^ In the present study, we also found that higher stratified basal CEA serum levels reflected the presence of cervical lymph node metastases. Unfortunately, the calcitonin level was not recorded in our whole cohort; therefore, the doubling time of calcitonin, which is known to be a better predictor of cervical lymph node metastases, could not be calculated. This may be the main limitation of our study. Another inherent limitation of this study is that it was retrospective. Unlike in randomized controlled trials, there is also a risk for treatment selection bias.

Conclusion {#sec9-0300060518762684}
==========

This study may help to resolve some of the controversy surrounding the indication for lateral lymph node dissection. Prophylactic lateral neck dissection should be performed during the initial procedure in patients with thyroid capsule invasion or a high serum CEA level.
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